Background: The transoral thyroidectomy vestibular approach has been utilized via both robotic (TORTVA) and endoscopic (TOETVA) techniques to perform thyroidectomy. However, there have been no studies evaluating outcomes between these approaches. Here we describe our outcomes for thyroid lobectomy with TORTVA and TOETVA.
(Intuitive Surgical, Sunnyvale, CA) 19 and then successfully adapted for an endoscopic approach, [20] [21] [22] [23] [24] most successfully navigates these competing interests. The incision in the mandibular gingivobuccal sulcus provides a midline approach with access to both thyroid lobes and paratracheal basins without a cutaneous scar. [20] [21] [22] [23] [24] [25] [26] [27] To date, this transoral vestibular approach has been utilized to successfully perform thyroid lobectomy, total thyroidectomy, parathyroidectomy, and central neck dissection via both robotic and endoscopic techniques. [20] [21] [22] [23] [24] 28 However, to our knowledge, there is no literature comparing the robotic and endoscopic techniques in regard to outcomes or learning curves within a single institution.
In this article, we report our early outcomes for thyroid lobectomy via both the transoral endoscopic thyroidectomy vestibular approach (TOETVA) and the transoral robotic thyroidectomy vestibular approach (TORTVA). We aim to further define the safety and efficacy of both techniques, while evaluating for any differences in the learning curves or outcomes with either approach.
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| Data collection and analysis
After institutional review board approval, all cases of TOETVA and TORTVA at the Johns Hopkins Hospital were retrospectively reviewed between April 2016 and September 2017. Two fellowship-trained surgeons, one a high-volume endocrine surgeon and the other a high volume transoral robotic head and neck surgeon, completed all cases. The TORTVA cases were completed with the aid of an assistant at the head of the bed, similar to transoral robotic surgery cases, whereas an assistant operated the endoscope during TOETVA cases. Both surgeons were right-handed. Demographic data including, age, sex, body mass index, nodule size, and pathology were recorded. The primary outcomes of interest included completion of the intended procedure, presence of persistent (symptoms present for 3 months or longer), recurrent laryngeal nerve (RLN) or mental nerve injury, operative time (incision to closure), inadvertent presence of parathyroid glands within the specimen, and use of a surgical drain. Differences in means of parametric demographic data between the endoscopic and robotic groups were compared and analyzed using unpaired t tests. Operative times and largest specimen dimension were assumed to be nonparametric and, as such, differences in medians between the cohorts were compared using a Mann-Whitney U test. The proportion of nerve injuries, permanent hypoparathyroidism, presence of parathyroid tissue in the final specimen, need for a surgical drain, and completion of the intended approach in each cohort were compared using a Fisher's exact test. A subgroup analysis of the first 7 endoscopic cases versus the 7 robotic cases was performed to capture differences in outcomes that may be attributable to experience with the procedure, as there were less total robotic cases. The entire endoscopic cohort was then additionally compared to the robotic cohort. All analyses were done in R version 3.4.2 (R Foundation for Statistical Computing, Vienna, Austria).
| Surgical procedure
Our technique for TOETVA and TORTVA are based on those by Richmon et al 19 and Anuwong et al 20 and have been previously described in detail. 22, 29 In brief, patients are positioned supine and intubated orotracheally with a neural integrity monitor electromyogram endotracheal tube. Three incisions are then made in the oral vestibule for placement of the robotic or endoscopic trocars. The central incision is placed 5 to 10 mm cranial to the buccal-mandibular frenulum and is 15 mm in length. The lateral stab incisions are placed at the mucosal border of the oral commissure bilaterally. We have found that placement of trocars in this manner helps to minimize instrument collision and avoid mental nerve injury (see Figure 1 ). The subplatysmal space is then entered via the central incision through blunt dissection along the mandible and the use of mechanical dilators to facilitate placement of the central trocar. With the trocars in place, the subplatysmal flap is elevated endoscopically for both techniques to the level of the sternal notch inferiorly and the sternocleidomastoid muscles laterally, with CO2 insufflation used to maintain this working space. At this point, if TORTVA is 
| R ES ULT S
Twenty-seven thyroid lobectomies were attempted via a transoral vestibular approach between April 2016 and September 2017, with 7 being robotic and 20 endoscopic. Selection criteria and demographic/characteristic data for the robotic and endoscopic cohorts can be found in Tables 1 and  2 . Of note, there was no statistically significant difference between cohorts or on subgroup analysis in demographic or characteristic data ( Table 2 ). The first attempted robotic case was converted to open due to the presence of a substernal component of a goiter not identified on preoperative ultrasound, whereas the 17th attempted endoscopic case was converted to open due to bleeding encountered at the superior pole. Both cases were completed without complication or mental or recurrent nerve injury after converting. One of the robotic cases included both a thyroid lobectomy and intentional parathyroidectomy. Another case in the robotic cohort was attempted robotically but the surgery was ultimately converted to an endoscopic procedure due to difficulty manipulating the larger gland with the robotic platform. One patient in the endoscopic cohort underwent a thyroid lobectomy followed by a completion thyroidectomy by the same approach after final pathology from the initial procedure revealed H€ urthle cell carcinoma with angioinvasion.
In the robotic cohort, there were 5 completed left lobectomies and 1 right lobectomy, compared with 12 right lobectomies and 7 left lobectomies completed in the endoscopic cohort. The intended procedure was completed successfully in 5 of 7 cases (71%) for the robotic cohort compared to 19 of 20 cases (95%) for the endoscopic cohort (P 5 .15). The final pathology in the robotic cohort was benign in 5 cases, with 1 case each of papillary thyroid carcinoma (PTC) and noninvasive follicular thyroid neoplasm with papillary-like nuclear features. In the endoscopic cohort, 15 cases had benign pathology, with 1 case of noninvasive follicular thyroid neoplasm with papillary-like nuclear features, 2 cases of PTC, and the aforementioned case of H€ urthle cell carcinoma; that patient underwent completion thyroidectomy 2 weeks after the initial procedure (Table 1) .
There was 1 case of temporary RLN paresis, which resolved spontaneously within 2 months in the endoscopic cohort. There were no cases of permanent RLN or mental nerve injury in either cohort. No extrathyroidal parathyroid tissue was identified in the specimens on final pathology in either cohort, save for the case with planned parathyroidectomy. One parathyroid gland was autotransplanted from the endoscopic group by first mincing the gland and then injecting with a large-gauge needle under direct visualization into the ipsilateral sternohyoid. A drain was placed in the axilla in 3 of 7 cases (43%) and 2 of 20 cases (10%) in the robotic and endoscopic cohorts, respectively (P 5 .09). Median maximum specimen dimension was 5.1 cm (range 4.4-6.8 cm) for the robotic cohort and 5.0 cm (range 3.0-7.8 cm) for the endoscopic cohort (P 5 .20) . In subgroup analysis, the first 7 endoscopic cases had a median maximum dimension of 4.5 cm (range 3.0-5.3 cm), again with no statistically significant difference in comparison to the robotic cohort (P 5 .09; Table 2 ).
Median operative time was 322 minutes (range 287-377 minutes) in the robotic cohort compared to 188 minutes (range 89-343 minutes) in the endoscopic cohort (P 5 .001). On subgroup analysis, there was a median operative time of 213 minutes (range 189-343 minutes) for the first 7 endoscopic cases. This was again significantly different when compared to the robotic cohort (P 5 .01). Of note, cases not completed via the intended approach were not included in any cohort's median operative time. These include the 2 cases converted to open, and the single robotic case that was converted to endoscopic (Table 3 ). There was no significant difference in median operative time when comparing rightsided (176 minutes) and left-sided (238 minutes) endoscopic lobectomies (P 5 .19). The trend in completed case operative time versus case number for both cohorts is plotted in Figure 2 .
| DI S CU S S IO N
Transoral vestibular approach thyroidectomy was successfully performed in 25 of 27 cases without incidence of permanent RLN or mental nerve injury. The converted cases were also completed without complications. There were also no inadvertently removed parathyroid glands and only one parathyroid gland required reimplantation. This may suggest the enhanced visualization and magnification of both techniques allowed for identification and preservation of viable parathyroid glands. These outcomes are consistent with recently reported international literature for both techniques 20, [22] [23] [24] 28 further validating the safety and efficacy of these procedures. Although thyroid lobectomy was safely performed via both techniques, there was a statistically significant difference in median operative time between the cohorts when comparing the initial 7 endoscopic cases to the 7 cases in the robotic cohort (213 minutes vs 322 minutes, respectively). This difference in operative time was magnified when including the subsequent 13 cases in the endoscopic cohort, as the median operative time dropped to 188 minutes. These differences were statistically significant in both cases with P values of .01 and .001, respectively. Moreover, there was no statistically significant difference between the cohorts or in subgroup analysis in demographic data or median specimen size, and, as such, the difference in operative time is not attributable to these potential confounders.
One explanation for the long median operative time for TORTVA in our series is that the bulk of the cohort was subject to a very steep institutional learning curve as they were Johns Hopkins' first experience with transoral surgery. As the initial dissection is done endoscopically even in the robotic approach, these skills were developed and more finely honed at the start of the endoscopic case series. The sequential roll-out of the vestibular approach at our institution, therefore, does introduce a bias that may artificially inflate the operative time difference between the 2 approaches. Nonetheless, we believe that this difference is real, as the endoscopic approach does not require the additional robotic instrumentation and conversion from robotic to endoscopic and vice versa, which is required for the robotic approach. This is further supported by the largest published robotic transoral vestibular series to date, which reports a median operative time of 232 minutes for their 24 cases. This study went on to perform a subgroup analysis of their first 12 cases versus their second 12 and found no statistically significant difference in median operative time between the 2 time periods (234 minutes vs 230 minutes, respectively; P 5 .10) suggesting the learning curve had not been reached Abbreviations: BMI, body mass index; NA, not applicable. a The 2 endoscopic columns represent a division between the first 7 endoscopic cases followed by data on the entire endoscopic cohort (20 cases). As such, all patients in the endoscopic N 5 7 column are included in the N 5 20 column as well. b The first P value represents column 1 versus column 2, with the second representing 1 versus 3. 23 This is in contrast to our TOETVA series, which had a median operative time of 188 minutes after 20 cases with a statistically significant difference in median operative times between our first 10 and last 9 completed cases (225.5 minutes vs 143 minutes; P 5 .007). A more objective assessment of surgical duration would require comparison of various endoscopic and robotic surgeons whom have all submitted their learning curves. In our experience, we found that the ability to quickly remove/replace instrumentation with TOETVA led to extensive timesaving. When performing TOETVA/TORTVA, the fixed and limited working space often leads to obstruction of the camera with smoke, requiring removal and cleaning to reestablish visualization. This is most frequently encountered when utilizing energy-based instruments, which create surgical plumes that condense on the camera lens if it is in close proximity to the active blade of the device. We combat this in TOETVA by having the assistant withdraw the endoscope slightly when energy devices are active. In this way, the assistant in TOETVA works much in the same fashion as in the open approach, aiding the primary surgeon in maintaining adequate visualization. This process is much less streamlined in TORTVA, where a single operator must control all variables. More importantly, when the camera does become obstructed the process of disengaging, removing, cleaning, and reengaging the camera is significantly more timeconsuming with TORTVA. In a similar fashion, any replacement of instrumentation, such as alternating between classes of energy devices, is much more time-consuming with the robotic technique. We do not believe, however, that difference in instrument availability between techniques was a significant affecter of operative time, as frequently used energy devices (monopolar cautery and ultrasonic scalpel) and available dissecting instruments are largely the same between techniques. Although available robotic instrumentation was not designed for use in the head and neck, the same is true for instrumentation utilized with TOETVA, which was initially designed for laparoscopic abdominal surgery. In this way, both techniques would benefit from the design and development of dedicated instrumentation.
In our experience, we did not find that the lack of haptic feedback with TORTVA altered our ability to manipulate and extract the specimen, and, as such, do not believe this to have affected our operative time. However, it did lead to uncertainty in the magnitude of force being applied to the trocars and surrounding tissue outside the field of view. Although we did not have any such complications in our series, injuries to the maxilla and tears of the oral commissure have been previously reported with TORTVA, both of which may be attributed to the lack of haptic feedback. 23 Although left-sided laterality of disease was initially perceived as subjectively more difficult for the right-handed surgeon with TOETVA, this was quickly overcome, as is evidenced by the lack of a significant difference in operative time between right-sided and left-sided lobectomies in the TOETVA cohort (176 minutes vs 238 minutes; P 5 .19). Our experience with TORTVA was subjectively similar; however, the relatively limited sample size made it difficult to draw definitive conclusions.
The difference in operative time trends between approaches suggests a difference in the learning curves between the robotic and endoscopic techniques. In reports of other robotic thyroidectomy techniques, it has been noted that the learning curve is on the order of 40 to 50 cases. 14, 30, 31 If the learning curve is assumed to be similar for TORTVA, it is not surprising that there was not a significant downtrend in operative time after 7 cases (see Figure 2) , especially given the flat time trend seen in the study by Kim et al 23 with their experience after 24 cases. The fact that there was a negative slope in operative time in the endoscopic cohort, a significant difference in median operative time in comparison to the robotic cohort, and a significant difference in operative time between our first 10 and last 9 completed endoscopic cases suggest that the learning curve may be substantially <40 cases for TOETVA. This finding in conjunction with the known cost burden 32 with the commercially available robotic system suggests the barriers to introducing a transoral vestibular approach to thyroid and parathyroid pathology at a new institution may be more significant for 
| C ONCL US I ON
The TORTVA and TOETVA techniques can both be safely performed without a cervical incision, although more quickly endoscopically, likely due to differences in the learning curves between techniques and ease of instrument exchange with TOETVA. The advantages in visualization and wristed instrumentation may not justify the loss of haptic feedback and increased operative time with the robotic technique for institutions wishing to adopt the transoral vestibular approach. Further studies are needed to better delineate the learning curves of TOETVA and TORTVA and determine the true cost burden of each approach in comparison to the traditional transcervical approach.
